Objective: Congenital hypothyroidism is characterized by inadequate thyroid hormone production in newborn infants. Many infants with CH have co-occurring congenital malformations. This is an investigation on the frequency and types of congenital anomalies in infants with congenital hypothyroidism born from
Introduction
Congeni tal hypothyroidism (CH) occurs in one out of every 2500 to 1 of 4000 neonates, 1,2 but the incidence varies by geographic location and by ethnicity. [2] [3] [4] The clinical importance of congenital hypothyroidism stems from it being the leading preventable cause of mental retardation. In the last decade, an unusually high frequency of extrathyroidal congenital malformations have been described in infants with congenital hypothyroidism; however, the published data vary considerably from country to country and different ethnic groups. Olivieri et al. 5 reported that prevalence of additional congenital anomalies (CA) was more than four fold higher than that reported in the Italian population. The cardiac and musculoskeletal anomalies were the most frequent malformations associated with congenital hypothyroidism in the Egyptian population. 6 In the study of Kreisner et al. 7 13.2% of infants with congenital hypothyroidism had major congenital malformations. According to published studies, the incidence of congenital hypothyroidism is high among the Iranian population. [8] [9] [10] This study was planned in order to define the frequency and type of congenital anomalies concomitant with primary congenital hypothyroidism in infants being followed up in the Pediatric Endocrinology Clinic at Besat Hospital, a tertiary care centre in Hamadan.
Methods
The Iranian neonatal screening program for congenital hypothyroidism was initiated in May 2005. This prospective cases study was conducted in Besat Hospital, Hamadan University of Medical Sciences of Iran. The study enrollment started in May 2006 and was carried out for 4 years. Cases included all CH infants diagnosed through newborn screening programs or detected clinically. The screening method was ELISA for measuring TSH on filter paper at day 3-7 of birth. Venous blood for total T4/ free T4 and TSH was obtained to confirm the diagnosis for those with abnormal result (TSH>5 mIU/L). Total T4 and TSH were assessed by electrochemiluminescence. CH was defined in accordance with the guidelines of American Academy of Pediatrics (T4<6.5 μg/dL and TSH>10 mIU/mL after 1 months of age).
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All infants biochemically confirmed with CH (low T4, and TSH>10 mIU/mL in venous blood) were referred to the Pediatric Endocrinology Clinic, for starting levothyroxine therapy. Ethical approval was obtained from the local research and ethics committee at Hamedan University of Medical Sciences in 2006 and written
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Zahra Razavi, Alireza Yavarikia, Saadat Torabian informed consent was provided by parents. Infants were excluded if they were IUGR, premature, or a product of in vitro fertilization. Infants with panhypopitiutarism and those whose parents failed for follow-up were also excluded from the study.
At the time of enrollment, a detailed record of the required information including the neonate' s age, sex, parental consanguinity (1 st cousin relation), the mother' s age at delivery, venous TSH and T4 level as well as further physical examination were made. Infants were carefully examined every two months during their first year of life. The clinical examination included looking for the presence of developmental displasia of the hip (DDH), heart murmurs, dysmorphic features, and other congenital anomalies. In the presence of heart murmur, the infants were referred to a pediatric cardiologist for echocardiography. Down syndrome diagnosis was confirmed by cytogenetic studies. DDH was detected based on clinical examination and and X-ray of hip by an orthopedic consultant. Data on CA in congenital hypothyroidism infants were obtained from a review of questionnaires based on medical records.
Chi-square test and t test or paired t test were used for nonparametric and parametric variables, respectively, using SPSS 11 software. Values are reported as Mean±SD and ranges. The data was manually extracted and displayed in a descriptive manner. Results with p-value less than 0.05 were defined as statistically significant.
Results
Overall, 157 infants with primary CH were detected among 105320 infants screened from May 2006 to 2010 in the region. This gave an incidence for CH of 1 in 658 live births. Ten infants with CH failed to complete followup protocol and were therefore excluded. Three infants who had normal tests on the newborn screen but later developed hypothyroidism were also included. The study population consisted of 150 infants with primary CH, 72 (47%) females and 78 (53%) males with mean age of 47±61 days (range: 6 days -120 days). The mean mother' s age at delivery was 25±5.3 years (range: 17-40 years). Among the studied infants, 27.2% had parental consanguinity. The mean screening TSH and venous TSH values were 52.09±73.4 mIU/mL, median 41.5 (range: 5-333 mIU/mL) and 43.46±30.4 mIU/mL, median 40.1 (range: 10-160 mIU/mL), respectively.
The mean value of T4 levels was 4.9±3.5 μg/dL, and median was 4.5 μg/dL (range: 0.0-14 μg/dL). In one case, the total T4 was 14 μg/dL but had low free T4. In total, 30 infants (20%) had congenital anomalies. The distribution of type and frequency of congenital anomalies of CH cases enrolled in this study are presented in Table 1 . The difference in sex ratio between infants with CA and without CA was not significant (p=0.24). There was also no significant association between parental consanguinity (1 st cousin parental consanguinity) and the prevalence of congenital anomalies. The mean mother' s age at delivery was not significantly associated with CA in infant with CH (p=0.11). The mean mother' s age at delivery in DS group (29 years) was not significantly higher than in infants with isolated CH (25.5 years [p=0.20] ). Mean serum TSH and T4 levels in CH infants with and without CA are presented in Table 2 . Mean T4 and TSH levels were not significantly different in infants with DS compared to infants without DS, (p=0.38 and p=0.99, respectively). Mean TSH and T4 levels were not significantly higher in patients with cardic defect compared to those without, (p=0.38 and p=0.69, respectively). Overall, in infants with congenital anomalies, the venous TSH levels were not significantly higher than in subjects with isolated CH (p=0.58). 
Discussion
This study revealed that congenital malformations are substantially more frequent among infants with congenital hypothyroidism than expected. Down syndrome (8% vs. 0.12% in general population) being the most frequent co-occurring birth defect followed by congenital heart defects (4.9% vs. 1.7% in euthyroid controls in our country). 12 The findings in this study are consistent with the high incidence of congenital anomalies other than those of thyroid gland that have been reported in numerous previous studies.
13 -17 For example, in a retrospective study of 1,520 patients with CH, Gu et al. 13 observed that the incidences of extrathyroidal congenital anomalies (14.6%) and DS (5.7%) were significantly higher among the CH patients than among the general population. Kreisner et al. 17 carried out a prospective clinic-based study for evaluation of major congenital malformations in CH infants from Brazil. Among the 76 patients identified, 10 (13.2%) had major congenital malformations of whom 8 (10.5% of the total) had cardiac malformations. In a retrospective review of the CH infants, Olivieri et al. 5 reported that prevalence of additional CM (8.4%) was more than four fold higher than that reported in the Italian population. Cardiac anomalies were the most frequent malformations associated with CH with a prevalence of 5.5%. Anomalies of nervous system, eyes, and multiple congenital malformations were also observed. In a study by Stoll et al. 18 among 129 CH infants, 15.5% had additional anomalies of whom 6.9% had congenital cardiac anomalies. Seven of the 34 infants with congenital hypothyroidism diagnosed through Welsh screening programme had co-occurring congenital anomalies. 19 The results suggest that there is high frequency of DS associated with congenital hypothyroidism and supports the hypothesis that the prevalence of congenital hypothyroidism is unusually higher in newborns with Down syndrome than in the general population. 14, [20] [21] [22] However, the evidence for this is unconvincing and data are controversial. Roberts et al. 14 showed that infants with DS have a 35-fold increased risk for CH compared with infants in general population. Fort et al. 21 observed congenital hypothyroidism to be about 28 times more common among infants with DS than in the general population with an incidence of 1%. Van Trotsenburg AS et al. 23 found that in newborns with DS, the whole distribution of T4 and TSH at screening are shifted to the left and right, respectively, pointing to a mild hypothyroid state and support the existence of a DS-specific thyroid regulation disorder. On the other hand, in the study by Devos et al. 24 Down syndrome was not observed in any of the cases included in the several hundred children with congenital hypothyroidism diagnosed through neonatal screening in Quebec.
As discussed above, there is a wide variation in the data regarding the thyroid function state among patients with Down syndrome, but what is clear from the review of literature available to date is that the prevalence of congenital hypothyroidism is increased in patients with Down syndrome. However, the cause of thyroid aberrations in Down syndrome infants remains unclear. 21 It was also notable in this study that infants with DS had no significantly increased T4 and lower TSH values compared to those with isolated congenital hypothyroidism leading to the opinion that hypothyroidism was severe in DS. This finding is in contrast with those noted by Fort et al. 21 and van Trotsenburg et al. 23 regarding mild hypothyroid state in Down syndrome patients.
In the current work, the frequency of congenital heart disease was 4.9%, consistent with other previous studies of El Kholy (9.09%), 6 Balestrazzi (2.1%), 25 Olivieri (5.5%), 5 Gu (8.9%), 13 Siebner (5.8%), 16 Kreisner (10.5%), 17 Reddy (29%), 26 and Stoll (6.9% ). 18 The results of this study confirm that the prevalence of cardiac defects among infants with congenital hypothyroidism is high compared to the prevalence in the general population as reported in previous studies. Developmental dysplasia of the hip present in 2% of patients is another common congenital anomaly. In this regard, the data gathered confirm and extend previous results published by Siebner et al. 16 reporting that among 243 congenital hypothyroidism infants, 3.3% had congenital dislocation of the hip. This is in agreement with Fernhoff et al. 27 and Sabri et al. 12 but contrary to the results of Oliveri et al. 5 in Italy. According to Cassio et al. 28 and Grant et al. 29 the hormonal deficiency was not considerably greater in patients with associated anomalies than in those with isolated CH in this study.
The underlying etiology of high frequency of congenital anomalies in congenital hypothyroidism infants remains largely unknown. However, the data presented showed that congenital hypothyroidism may be rather a part of a larger developmental syndrome resulting from some unknown insults or teratogenic effects during early embryogenesis than an isolated event. Indeed, there is an accumulating evidence indicating that gene mutations causing congenital hypothyroidism can be a cause of increased incidence of congenital anomalies in congenital hypothyroidism. 30 Dentice et al. 31 identified NKX2-5 as a novel gene involved in thyroidogenesis. Given that NKX2.5 is also expressed in cardiac tissues, this may explain the increased incidence of cardiac malformations in congenital hypothyroidism.
It is noteworthy that three of 160 infants had normal TSH on the newborn screen but later developed hypothyroidism. Thus, an age diagnosis ranged up to 120 days is commonly seen. It was unclear whether they were infants with delayed TSH elevation due to abnormality of pituitary-thyroid feedback regulation, transient hypothyroidism, or a mild form of permanent CH.
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This study has several limitations. First, given the fact that many of the infants included in this study may have had a transient form of congenital hypothyroidism, it is possible that the incidence of extrathyroidal congenital malformations differs in persistent congenital hypothyroidism infants. Further studies are needed to examine incidence of CA in infants with persistent CH. Furthermore, the present study describes patients who had easily recognizable birth defect in the first year of life; conditions that may appear later or are not apparent without careful observation, extensive diagnostic tests and imaging may have been missed. In addition, given the small number of infants with congenital hypothyroidism as subjects, whether the results would be sufficiently powered to be extrapolated to the large study population is unknown. Finally, it is also possible that rates for congenital heart defects have been underestimated when echocardiography was performed only for infants with cardiac murmur. It is unknown whether different results in associated congenital heart defects were observed with routine echocardiography of all studied infants.
Conclusion
This study confirmed and extended previously published reports indicating that congenital hypothyroidism is associated with various forms of co-occurring congenital anomalies. DS was the Oman Medical Journal (2012) Vol. 27, No. 5: 364-367 most frequently observed congenital anomaly. Following Down syndrome, congenital heart defect and DDH were the next most common defects occurring among CH infants. Clinical evaluation should be performed in all infants with congenital hypothyroidism for the presence of associated birth defects.
